Introduction
Brassinosteroids (BRs) represent a class of naturally occurring phytohormones with various physiological activities and ubiquitous distribution in the plant kingdom. 1 The vicinal diol grouping on ring A is typical for BR-plant hormones discovered thirty years ago. 2 In Figure   1 , the formulae of two typical BRs-24-epibrassinolide 1 and castasterone 2 -are given. These compounds have been intensively studied and found that they exhibit not only growth regulation Recently, molecular studies directed towards the essential role of BRs in plant growth and development 4 and their chemical synthesis, biological mode of action, and practical application in agriculture and horticulture 5, 6 have been greatly intensified. The essentialities of isotopically labelled BRs in the investigation of the biosynthesis, metabolism, transport and distribution of endogenous BRs in plants have been documented. In such studies, BRs labelled with isotopes of hydrogen are most frequently used to explain the biosynthesis, metabolism and mode of action at a molecular level. Therefore, the numerous strategies for the synthesis of BRs labelled with deuterium ( 2 H or D) and tritium ( 3 H or T) in the side chain or in the ring system have been developed. 7 BRs are formed by a biosynthetic network of alternative pathways and sub-pathways. A number of namely (22R, 23R)-and (22S, 23S)-[4-14 C]-24-epiBL (A and B in Scheme 11, respectively) were used to facilitate metabolic and distribution studies of (22R, 23R)-24-epiBL and (22S, 23S)-24-epiBL as well as to study their role in the growth of grain and vegetables as they are promising candidates for agriculture application. 18 Predominantly the 14 C-labelled epiBL (Scheme 10) was used in the uptake and the transport study of exogenously applied epibrassinolide on seedlings of cucumber and wheat. When applied to roots, 14 C-epiBL was readily taken up and swiftly transported throughout both the plant species. When 14 C-epiBL was applied to the adaxial surface of a young cucumber leaf, it was readily taken up, however, transported very slowly compared with the previous case. In wheat leaves, 14 C-epiBL was transported only in the apical direction from the treated spot after 3 days of treatment; however, it was not transported from the treated leaf to the other leaves or organs even after seven days. Recently, isotopically labelled [7,7-2 H 2 ] epibrassinolide was used for biosynthetic transformation studies. 19 This compound found useful for biochemical and physiological investigation in the plant. 20 Simultaneously, it was also discovered that natural BRs exhibit relatively interesting anticancer activities. So far, potential anticancer activities of 24-epiBL 1 and 24-epicastasterone 2 on several human cancer cell lines have been determined. 19 24-Episecasterol was prepared and found cytotoxic against human breast carcinoma MCF-7 (Michigan Cancer Foundation) cells. 21 It was also demonstrated that non-plant cells, yeast WAT21, generates a steroidal plant hormone castasterone. To understand how castasterone is generated in WAT21 cells, deuterium labelled 6-deoxo- [ Takatsuto and Ikekawa in 1986. 22 Deuterium labelled 6-deoxo-BRs were identified as biosynthetic precursors of CS in WAT21 Page 6 of 44 RSC Advances cells. 23 In this review, a variety of labelling procedures of BRs with stable and radioactive isotopes of hydrogen and carbon will be presented. Alternatively, labelled BRs containing three or six deuterium atoms appended in the terminal methyl groups of the side chain (in a position ensuring lack of isotopic exchange) were prepared from stigmasterol or bisnorcholenic acid. There are main strategies for the construction of the side chain containing an asymmetric centre at C-24 of the compound 18 and these are based on the coupling of 16-aldehyde with an appropriate chiral sulfone synthon 17. These methodologies were also used for the stereoselective construction of the side chain labelled BRs.
Synthesis of deuterium-labelled
Preparation of trideuterated fragment 22 in the side chain of BRs 29, 30 
Scheme 2 Construction of the side chain of hexa-deuterated BRs
Introduction of functional groups at the cyclic part of the steroids could be done prior to the construction stages of the side chain based on various 22-aldehydes. 31, 32 As a result, the aldehyde 25 was the best choice for the synthesis of labelled BR derivatives with functional groups tethered to the cyclic part and it was suitable for the preparation of many highly functionalized BRs. The aldehyde 25 was prepared either from stigmasterol 24 by traditional method 33, 34 in 3 steps or from 23,24-bisnorcholenic acid 35 26 (Scheme 3). An important part of the convergent synthesis was the preparation of the chiral intermediate 17, which was accompanied through (2R)-3-hydroxy-2-methylpropanoate. 35, 36 The synthesis of precursor of [26-2 H 3 ]-brassinosteroids 34 for biochemical studies from the starting material 25 is depicted in Scheme 3. In the first convergent strategies based on the Claisen rearrangement of a single isomer of allylic alcohol is considered useful in this rearrangement to access certain product. 27, 28, 37, 38 A Claisen rearrangement has been widely used in the preparation of ∆ 22 -steroids containing an alkyl substituent with predictable stereochemistry at C-24. Then the ester compounds 32 were prepared via isomeric acetylenic alcohols 28 and 30 and the allylic alcohol preparation of the labelled BRs containing six deuterium atoms at C-26 and C-27. 35 
Synthesis of [26-2 H 3 ]-epibrassinolide and its precursors
A further study towards the synthesis of labelled BRs containing three deuterium atoms in the terminal part of the side chain starting from commercially available stigmasterol 24 is reported by Khripach et al. 32 
BRs with deuterium label in ring A

Stereospecific labelling of brassinosteroids with hydrogen isotope.
As the deuterium labelled BRs must have at least 4 deuterium atoms in metabolically stable positions to be useful as MS internal standards the deuterium labelling in ring A is not very attractive. On the other hand ring A is good target for labelling with tritum especially if the aim is to prepare suitable precursor for tritiation from the non-labelled target BR. It is the rule to model the tritiation reactions first with deuterium and therefore we developed recently general stereospecific method of introduction of deuterium to ring A of BRs having 2α,3α-dihydroxy group.
In quest for the suitable precursor for tritiation we discovered a stereospecific reaction of α-hydroxy ketone 135, prepared in three steps from 24-epicastasterone 2 in 47% yield, with triphosgene 48 giving in 99% yield 3β-chloro-2α,3α-(carbonyldioxy) derivative 136 (Scheme 17). 45 While catalytic reductive dechlorination is frequently used for the introduction of hydrogen isotopes on aromatic rings 49 
Synthesis of (22R, 23R)-and (22S, 23S)-24-[4-14 C] epiBL
There is only one report available in the literature on 14 C-labelled brassinosteroids so far.
Seo et al. 53 have reported the synthesis of [4-14 C]-labelled epiBL 183 and 184. The C-4 position in epiBL 183 was selected for 14 C labelling because of its stability to metabolic loss and easy way to do the preparation. According to the established method reported in the literature for 
Summary
The number of published synthesis of BRs labelled either by stable isotopes or by radioisotopes reflects their importance for the biochemical studies of this interesting group of plant growth regulators. The main effort was devoted to the synthesis of multideuterated BRs in side chain as internal standards for MS. For labelling with tritium the methods developed for multideuterated BRs are not useful. The methods using exchange with tritiated water were described. However, of in this way prepared BRs have specific activities only in order of several mCi/mmol. What remains to be done is to prepare the BRs ligands with the specific activities of order tens of Ci/mmol to enable the search for BRs receptors. Only one example of the synthesis of 14 C-labelled BR reflects the shortage and fast increase of price of Ba 14 CO 3 in recent years.
Notwithstanding, some BRs are considered as potential drugs and if they will pass the preclinical sieve, there will be certainly need for their labelling with 14 C.
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